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Abstract 
There is ongoing research on how to improve student engagement and attainment in STEM in higher education, 
with active learning recognised as a feasible approach for several decades now. However, the uptake of active 
learning, and other evidence-based approaches, is inconsistent. This paper reports on one aspect of an Australian 
Government funded Fellowship; the specific scholarly practice of the use of concept inventories, widely 
associated with active learning, to engage academics in evidence-based practices in STEM disciplines. The 
ultimate aim was to equip lecturers with the tools to measure student attainment. In close collaboration with 
academics, pre- and post-tests were administered to students in a total of 12 different courses, constituting over 
3000 individual student questionnaires collected across eight Australian Universities. We report on the 
implementation focusing on; engaging staff, the types of concept survey results made visible to staff not 
generally accustomed to seeing such results, and tentatively offer the possibility of national data on learning 
gains. Results show that the majority of lecturers engaged and continued the use of concept inventories. Our 
study demonstrates that concerted use of concept inventories might lead to increased uptake of evidence-based 
approaches with potential for improved teaching and learning in STEM disciplines.     
Background 
Recently, it has become clear that there is an expectation that individual academics, or 
lecturers, should engage in scholarly approaches to improve teaching and learning (Probert, 
2013; Johnston, Hopkins, Varvell, Sharma, & Thornton, 2007; Vardi & Quin, 2011). This is 
sometimes referred to as‘Scholarship of Teaching and Learning’ (SoTL) (Boyer, 1990).  
However, for most teaching-research academics in science, overcoming the tension between 
their teaching and research responsibilities, in order to more substantially engage with 
scholarly approaches to teaching is a significant challenge (Hemer, 2014; Lemass & Stace, 
2010). There are issues even for those that do wish to engage more substantially, in terms of 
research in teaching, as this represents a change of field (Johnston et al., 2007; Matthews et 
al., 2015; Nicholls, 2004). Science lecturers thus might wish to engage with SoTL, a field of 
its own, but could also conduct research in other fields, such as ‘Discipline Based Education 
Research’ or Psychology, which each have different ideologies and methodologies, making it 
difficult for researchers to become encultured into those fields (Dolan et al., 2018; Sharma & 
McShane, 2008).  
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One potentially less problematic entry into education research for science lecturers is in the 
area of ‘active learning’ (AL), which is a well-defined international research agenda that has 
a focus on improving student learning and experiences using evidence based approaches 
(Faust & Paulson, 1998). In STEM disciplines, the AL movement has been popularised by 
Nobel Laureate Carl Weimann and Harvard scholar Eric Mazur and has had considerable 
influence, especially in North America. AL strategies have been proven efficacious in the 
literature and are associated with higher student learning gains, fewer failures in science 
courses and higher retention across science degree programs (Freeman et al., 2014). 
 
The popularity of AL strategies was established upon a foundation of particular instrument 
use and methodologies, namely, concept inventories (CI) and specifically, measurement of 
learning gains, which are able to reveal improvements in student learning. Despite the utility 
of local data such as assessments marks, student evaluation surveys and enrolment numbers, 
it was arguably CI use that provided the potency and universality to make the AL case and 
help it take hold (Hake, 1998). This is because these instruments test ‘concepual 
understanding’, an underlying construct related to but not explicitly assessed in individual 
subjects (e.g., Thornton & Sokoloff, 1998). The central finding that AL strategies are far 
superior to ‘traditional’ lecturing is measured by gains on CIs and could be replicated over 
time and internationally.  
 
CIs are developed and analysed using a range of quantitative and qualitative methods. For 
example, measures such as difficulty, reliability and validity of items on a test may be 
determined through classical test theory (Engelhardt, 2009). To measure gains, for either item 
or cohort, CIs can be administered as pre-tests and post-tests. Hake’s ‘normalized gain’ (gain) 
(1998) is commonly used to provide a quantitative measure for improvement.  As was done 
with the Force Concept Inventory (FCI), gain scores may be compiled and thus provide some 
measure of the quality or success of instructional strategies used across different institutions 
(Hake, 1998). Figure 1 shows a ‘Hake plot’ where individual gain scores for each institution 
are plotted against their pre-test score. Different areas are highlighted, below ‘a’, to indicate 
low gains, between ‘b’ and ‘a’ to indicate medium gains and above ‘b’, indicating high gains. 
 
CIs also identify students’ alternative conceptions or misconceptions, and this might be 
useful in terms of assessing prior understanding, identifying problem areas and focusing on 
conceptual understanding, in addition to using the tool as a way to measure overall gains 
(e.g., Francek, 2013; Georgiou & Sharma, 2015; Hake, 1998). In this case, descriptive 
statistics and hypothesis testing may then be used to diagnose existing alternative 
conceptions, or compare differences in test scores between groups. Such approaches provide 
more detail in terms of ‘what’ the problem is and ‘how’ you might develop teaching practices 
to address it.  
 
The use of CIs does not occur without criticism. Critics suggest student understanding is 
trivialised by the assignment of numerical marks and that such inventories do not capture the 
process of ‘thinking’ (Smith & Tanner, 2010). There are also criticisms of the inconsistent 
application of Item Response Theory or Classical Test Theory to ensure validity and 
reliability and of the gain measurement (Wallace & Bailey, 2010).  Nevertheless, CIs have a 
long history in higher education STEM (Treagust, 1988) and although their utility for 
measuring student understanding is now widely accepted (Libarkin, 2008), some expertise is 
required to implement them.   




Figure 1: A ‘Hake plot’ where individual gain scores for each institution are plotted 
against their pre-test score; below ‘a’ indicates low gains, between ‘b’ and ‘a’ indicates 
medium gains and above ‘b’ indicates high gains.  
 
In this study, AL and CIs were considered a good way to engage academics with evidence-
based teaching and learning (Sharma & Georgiou, 2016). Generally, the uses of quantitative 
methods resonate with STEM faculty, who, due to their training, are familiar with the ethos 
of these approaches. That is, while STEM faculty may not be particularly familiar with the 
use of survey instruments, the quantitative aspect is more likely to appeal (Hendry, Georgiou, 
Lloyd, Tzioumis, Herkes & Sharma, 2020; Georgiou & Sharma, in press). Furthermore, 
White et al., (2015) demonstrate that embedding AL strategies within a teaching professional 
development program for 45 STEM academics resulted in transformative and persistent 
change in pedagogical approaches.  
Aims 
This paper reports on an Australian Government funded Fellowship which aimed to 
investigate and champion STEM academics’ engagement with evidence-based teaching and 
learning practices. Specifically, this paper focuses on the use of CIs to equip lecturers with 
the tools to measure student attainment and to make visible the types of student learning 
difficulties that would otherwise not be explicitly assessed.  
 
The aims of this paper therefore are: 
1. To provide details of a program intended to engage lecturers in evidence-based 
teaching through the use of CIs and report on some ways participants engaged with this 
program. 
2. To provide an overview of the utility of CIs; ‘what CIs tell us’. Specifically, to report 
on the state of student understanding of scientific concepts across a diversity of 
universities in Australia, answering questions such as: 
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• What are the conceptual difficulties indicated by these CIs and which ones 
persist across courses and institutions (indicating something fundamentally 
difficult about these particular concepts)? 
• Are the scores and gains similar/different across institutions/different sample 
groups (perhaps pointing to ‘good’ practices)? 
 
Since we have results from a range of CIs from across Australia for both chemistry and 
physics, we also tentatively offer the possibility of national data on learning gains. 
Method 
Participant Recruitment 
The second author, an established discipline-based educational researcher in physics at a 
research-intensive Australian university contacted potential participants who were known to 
have an interest in, or where responsible for teaching and learning programs (see Sharma & 
Georgiou, 2016 for more detail).  
Data collection and analysis 
The data are presented in two sections. The first presents an overview of the CI 
implementation and additional data collected in the form of interviews, site 
visits/observations and field notes, see Table 1. The second presents the data from four 
popular CIs used in tertiary science because they relate to fundamental concepts encountered 
in undergraduate courses and on topics that are known to be problematic for students (e.g. 
Georgiou, Sharma, O'Byrne, & McInnes, 2009; Georgiou & Sharma, 2010; Wattanakasiwich, 
Talaeb, Sharma, & Johnston, 2013). 
 
Thermal concepts survey (TCS) covers heat, temperature, thermal processes 
(Wattanakasiwich et al., 2013) and may be administered in part (15 questions) or in full (35 
questions).  The use of TCS demonstrating learning gains with AL, including an analysis of 
lecture time spent on interactivity, can be found in Georgiou and Sharma (2015).  
Force and Motion Concept Evaluation (FMCE), a 43-question survey covers kinematics, 
Newton’s laws, energy and momentum (Thornton & Sokoloff, 1998). The use of FMCE 
demonstrating learning gains with Interactive Lecture Demonstrations as a form of AL is in 
Sharma et al. (2010). 
Force Concept Inventory (FCI) is a 30-question survey covering Newton’s laws and 
kinematics (Hestenes, Wells, & Swackhamer, 1992).  The use of FCI demonstrating learning 
gains with 6,000 students establishes the low, medium and high gain areas; the higher the 
gain, the more pronounced the AL approach (Hake 1998).  
Chemistry Concept Inventory (CCI) is a 22-question survey covering the transformation of 
matter, energetics, and representations in chemistry (Mulford & Robinson, 2002). The use of 
an adaptation of the CCI demonstrating learning gains with AL (Predict, Observe, Explain) is 
shown in Costu et al. (2010). 
 
In total, 12 separate courses were analysed with 17 individual sample groups, as some 
institutions administered the surveys to different cohorts resulting in 3500 responses deemed 
appropriate for statistical analysis. 
 
The analysis included: ‘cleaning’ data such as removing responses that were less than 50% 
completed; evaluating descriptive statistics, such as means and standard deviations for pre- 
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and post-tests; matching pre- and post- samples; calculating normalised gain (Eq. 1) and 
effect sizes (Eq. 2). 
 
< 𝑔 > =  
𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑐𝑙𝑎𝑠𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 − 𝑝𝑟𝑒 𝑡𝑒𝑠𝑡 𝑐𝑙𝑎𝑠𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 − 𝑝𝑟𝑒 𝑡𝑒𝑠𝑡 𝑐𝑙𝑎𝑠𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
 
 
Equation 1. Normalized gain measure (Hake 1998) 
 
𝐸𝑓𝑓𝑒𝑐𝑡 𝑠𝑖𝑧𝑒 =  




Equation 2. Effect size (Preacher & Kelley, 2011) 
 
This analysis therefore produced data on the question level (difficulty, distractor analysis, 
gain between pre- and post-test administration) and test level (descriptive statistics, 
normalised gain and effect size). Gain scores were plotted on a Hake graph (Figure 1). This 
paper reports on only some aspects of the analysis, relevant to the aims. The study has 
approval from The University of Sydney Human Research Ethics Committee (Approval 
number 2014/028). 
 
Table 1: An overview of the CI implementation and additional data collected.  
 
ID Inventory Details of administration Additional data collection 
B  FCI Pre- and Post- collected contemporaneously at 
institution (online) as part of course and 
historical data also provided to us for analysis 
purposes. 2012 data provided only in terms of 
overall test score by student (not individual 
question) 
• Interviews 
• Site visit (field notes, 
lecture observation) 
C  CCI Pre- and Post- administered online (Survey 
Monkey) contemporaneously. 
• Interviews 
• Site visit (field notes) 
D  FMCE Both Pre- and Post- Administered in first lab 
and final lecture, pen and paper 
contemporaneously 
• Site visits (field notes, 
lecture observation) 
D  CCI Pre- and Post- administered in first and final lab 
sessions, pen and paper contemporaneously 
• Site visits (field notes, 
lecture observation) 
D TCS Pre- and Post- administered in first lab session 
and final lecture, pen and paper, historical data 
provided only 
• Site visits (field notes, 
lecture observation) 
F CCI Pre- and Post- administered online within 
institution (Moodle) contemporaneously 
• Interviews 
• Site visits (field notes) 
F TCS Pre- and Post- was administered in first and final 
lectures, pen and paper contemporaneously 
• Interviews 
• Site visits (field notes) 
G  CCI Pre- and Post- administered in first and final lab 
sessions on pen and paper contemporaneously 
No additional data 
collected 
H FMCE Pre- and Post- administered in first and final lab 
sessions on pen and paper contemporaneously 
No additional data 
collected 
I CCI Pre- and Post- administered in first and final lab 
sessions on pen and paper contemporaneously 
• Interviews 
J FMCE Pre- and Post- collected at institution (online) 
contemporaneously and only overall test scores 
provided for analysis 
No additional data 
collected 




This section addresses the two main aims; first relating to the process of engaging lecturers in 
evidence–based development of teaching practices in an effort to improve learning outcomes 
and the second relating to what CIs tell us more generally.  
CI implementation and lecturer engagement 
 
The researchers supported the participant in the implementation and analysis of data. An 
initial meeting took place where a plan for their implementation was developed. The 
implementation varied from place to place; some participants took responsibility for more of 
the administration whilst others requested more support; some preferred the pen-and-paper 
options whilst others preferred to run the CI online; some conducted part of the analysis 
themselves whilst others relied wholly on the resources provided.   
 
The analysis was performed by the researchers for all cases, with a solution available for the 
lecturers in the way of a fully functional Excel template, should they wish to perform a basic 
analysis in the future. The template was programmed to automatically fill once data were 
imported. A report containing a question-by-question summary, the means and standard 
deviations for both pre- and post-tests and gain relative to other samples completing the same 
test (de-identified) was also provided, see Figure 2 for an example. Where possible, a follow-
up interview was conducted to discuss these resources (Table 1).  
 
Of the nine separate implementations of CIs, six individual administrators consented to a 
follow up. Of those six, three had used CIs before (but were not planning to in the year of the 
program) and three had never used them before. Five of the six reported continued use of the 
CIs in follow-up interviews. The two examples discussed here, participant F (from University 
F) and participant I (from University I), have contrasting familiarity with CIs and are at 
different points of transformation. Participant F has just embarked and participant I is versed 
in educational transformations as well as CIs. We draw on additional data collected as shown 
in Table 1 (interviews and field notes from site visits) to elaborate on their experiences.  
 
University F: Participant F was in the initial stages of transformation with no prior 
experience with CIs in chemistry. Furthermore, the participant was a research scientist given 
responsibilities for first year chemistry, hence was not familiar with educational research or 
SoTL. The CIs were implemented online over Moodle for first year chemistry students in two 
streams (for non-majors and majors). The participant used the CIs from the 2012 data to 
procure a ‘baseline’ (with results acting like ‘pre-tests’). They then used the results to create 
online pre-lecture questions as a first step towards flipping lectures, thus engaging in 
evidence-based teaching. The participant was able to use what they had done to attract 
funding to continue using CIs and enhance their pedagogy; gathering evidence illustrating 
‘shifts’ in student learning/experiences complementing those gathered through assessment, 
retention and institutional surveys. This study tracked the use of CIs by participant F through 
to 2016, with the results providing feedback on newly implemented pedagogies, such as 
flipped lectures and other AL activities. The results from the CIs made visible students’ 
conceptual difficulties influencing the pedagogies of the teaching team as well as providing 
personal development for the participant who was in the process of preparing for promotion.  
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Figure 2: Example of report received by participants.  
 
University I: Participant I was deeply immersed in transformation as their department was 
undertaking a teaching re-invigoration program in chemistry, which included different 
staffing structures, teacher training and engagement in SoTL. Participant I, a staff heavily 
invested in teaching with prior experience with CIs was not planning on administering them 
since they had additional responsibilities consuming their time. However, given the 
opportunity to be in a national project, they did implement CIs and the results showed 
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improved gains; the highest (Table 2), thus providing participant I with substantial evidence 
of the efficacy of their re-invigorated programs. The teaching team gained confidence and 
continued on their trajectory. What they focused on was detail on individual items responses 
(Figure 3) as these are considered pivotal to conceptual understanding underpinning further 
disciplinary learning. They searched/developed AL strategies aligned with specific items, 
integrating them into their courses.  These results were used to justify and market AL 




Figure 3: Pre and post test scores for the CCI for University I 
What CIs tell us more generally 
Conceptual difficulties  
We provide a summary of the most ‘difficult’ or ‘troublesome’ questions across the different 
samples. The criteria for selecting these questions include: relatively low proportion correct 
in pre- or post- tests and/or extremely low or negative gains. As well as the correct answer 
with a brief explanation of the concept, the most common response is provided to give a 
sense of the misconceptions or alternative conceptions revealed. For some of the questions, 
notable observations are also provided, where unusual activity was noticed in the statistical 
analysis.  
Chemistry concept inventory 
The three areas that proved particularly troublesome in the chemistry CI were: conservation 
of mass and reaction ratios, understanding of molar mass, and, precipitation and solutions. 
We present the first two. 
 
In question 5, a representation of six molecules of O2 and six sulfur atoms in ‘a closed 
container’ is presented and students must choose from one of five representations for the 
following reaction: 2S+3O2  →2SO3 when the mixture reacts ‘as completely as possible’. 
The correct answer depicts four molecules of SO3 with two S atoms remaining. This question 
was a low scoring question for two of the six universities tested. One university had 
extremely low scores (5% correct). The more common selection showed six molecules of 
SO3. This demonstrates an understanding of molecules but not the conservation of mass and 
ratios. There are only enough oxygen atoms to make four molecules of SO3 so the two 
additional S atoms remain unchanged. Interestingly, in the post scores of one university, 
students changed their answers from the incorrect option above, not to the correct option but 
to another incorrect option which depicted two S2O6 molecules and two S atoms. This was 
noteworthy as it was a large number of students (n=600). The switch demonstrates the 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Pretest Post-test
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Question 14 shows a full stop on the page “·” and asks for an estimate of the total number of 
carbon atoms required to fill it. The options include 4, 200, 30 000 000 and Avogadro’s 
number 6.02 x 1023. This question was consistently low scoring (for all universities) and very 
low (10% correct) for one. The correct answer is 30 000 000. The more common selection 
was Avogadro’s number, which represents 12 grams of carbon, which corresponds to a large 
spoonful. 
Thermal concepts survey 
In this survey, two areas proved conceptually difficult; first understanding and calculating 
specific heat, and the second relates to ideal gas behaviours, specifically to the relationship 
between temperature and pressure.  
 
In question 3, which refers to two cups of water: 
Cup A: 100g, heated to 75C from room temp 
Cup B: 200g, heated to 50C from room temp 
 
Students were asked: “When both are allowed to cool back down to room temp, which one 
had more heat transferred from it?” with options: Cup A, Cup B, Both same, not enough to 
tell. This question had low pre scores from both Universities administering it. There was 
some improvement in this question, with post scores around 50-60%. The correct answer is 
both the same (this requires understanding of the specific heat equation). The more common 
selection was Cup B, with 200g of water. 
 
Question 9 focuses on the image shown in Figure 4 with explanatory text (a syringe contains 
an ideal gas and has a frictionless piston of mass M; it is moved from a beaker of cold water 
to a beaker of hot water). 
 
 
Figure 4: Image used for question 9 on the TCI. The pressure of the gas inside the 
syringe does not change when moved from ice-water to hot water because the piston is 
in mechanical equilibrium (it is free to move). Many respondents indicated that the 
pressure increased.  
 
The question asks about the change in gas pressure; does it increase, decrease or is there no 
change? This question exhibited low pre-test scores and modest gains for both universities. 
The correct answer is that there is no change. The gas will expand but the pressure is still 
atmospheric pressure, since the piston is allowed to move freely. The most common selection 
was that the pressure increased. This conflates an increase with pressure with temperature, 
without taking into account the volume change. 




Force Motion Concept Evaluation 
This inventory revealed misunderstandings about Newton’s third law and identifying the 
force(s) involved in a projectile’s motion.  
 
In question 34, which forms part of a series that explore the forces between cars and trucks 
when they collide, students are asked to identify what happens when a car and the truck 
(same weight) collide, with the truck being stationary when the car hits it. There are several 
selections possible with different combinations of the greater/lesser force on the two objects. 
This was a low scoring and low gain in both samples (the third sample did not have 
individual data). The correct answer was that the force on the car and the truck is the same 
magnitude. The most common response was that the force the car exerts on the truck is 
greater than the force the truck exerts on the car.  
 
The previous question, where the truck and cars are moving towards each other at the same 
speed, resulted in a higher proportion of correct answers. The same is true of preceding 
questions which involved a truck and a car where they were different weights, except in this 
case, students also linked weight to force (at the same speed, the larger weight exerted the 
larger force) as well as speed (the higher speed car exerted the greater force) 
 
In questions 11-13, students were asked to consider the forces acting at various periods in a 
coin toss: 
Q11: The coin moving upward 
Q12: The coin at its highest point 
Q13: The coin moving downward  
This set of questions was low scoring and had low gains for both samples. The correct answer 
was that the force is down and constant. The most popular response was up and decreasing, 
zero, down and increasing; a conflation between force and speed/velocity. 
Gains and Overall test scores 
At the institutional level, the inventory results may be used to compare the effect of the 
teaching program on students’ conceptual understanding. The 'normalised gain' and 'effect 
size' measurements, shown in Table 2, provide some information about improvements in 
student learning. There are some notable results, including CCI from University C and 
University G, and FCI-B from University B, with relatively low (or negative) gains.  
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Table 2. Summary data from implementation of concept inventories. All data were 
collected in 2014 except for B and D which were collected in 2012-2014 and 2011-2012, 
respectively. B, D and F samples included multiple sections/classes. The ‘C’ and ‘F’ 
sections for the FCI-C and FCI-D from University B indicate the physics major and 









Both-N Gain Effect size 
I CCI 35.8 (16.5) 46.1 (16.9) 261 0.16 0.62 
C CCI 57.9 (22.3) 57.5 (23.1) 26 -0.01 -0.016 
F CCI-A 63.5 (19.7) 67.2 (20.2) 32 0.10 0.19 
F CCI-B 65.1 (19.8) 69.8 (20.6) 37 0.13 0.24 
D CCI 62.2 (19.6) 60 (18.3) 49 -0.06 -0.11 
G CCI 44.0 (16.5) 47.1 (17.8) 608 0.06 0.19 
H FMCE 35.1 (25.9) 37.5 (29) 84 0.04 0.09 
D FMCE-A 30.2 (27.2) 49.5 (30.5) 10 0.28 0.71 
D FMCE-B 44.2 (26) 54.8 (28.6) 424 0.19 0.41 
J FMCE 50.9 (32.3) 85.9 (21.9) 181 0.71 1.08 
F TCS 57.0 (16.1) 66.9 (16.8) 560 0.23 0.61 
D TCS-A 58.6 (16.8) 70.4 (14.4) 55 0.28 0.69 
D TCS-C 54.5 (21.3) 70.1 (13.8) 60 0.34 0.73 
D TCS-B 59.9 (22) 76.0 (13.6) 34 0.4 0.73 
D TCS-D 59.3 (18.9) 71.1 (13.6) 63 0.27 0.69 
B FCI-A 2012 69.6 (21.6) 79 (18.4) 286 0.31 0.43 
B FCI-B 2013 75.3 (19.4) 77.6 (19.4) 234 0.05 0.07 
B FCI-C 2014 C 76.4 (19.1) 80.8 (17) 342 0.19 0.23 
B FCI-D 2014 F 40.3 (20.7) 52.2 (22) 202 0.20 0.58 
 
These data were plotted on a plot emulating the Hake plot in order to begin planning for a 
database to visualise low, medium and high gains (Figure 5). The demarcations from Hake’s 
paper are included as a reference only.  
 
Findings of interest from these data include the relatively low gains on the CCI overall, the 
very high and very low gains on FMCE and the closeness of the TCS results. Following these 
up was not within the scope of this study, and despite the large sample size, the individual 
data points are not considerable enough to draw any substantial conclusions. However, these 
data provide a reasonable starting point to seed discussions of relatively ‘low’ ‘medium’ and 
‘high’ gain areas. 
 




Figure 5: Emulating the Hake plot for the various conceptual inventories used in this 
study 
Discussion 
Participants were provided assistance in the use of CIs to engage in evidence-based teaching 
development to improve student learning. Of the 12 different courses where CI data 
collection occurred, various levels of engagement with the corresponding participants were 
achieved. There are many possible advantages of inducting participants who are open to 
change into evidence-based education (White et al., 2015), however, uptake is reported as 
difficult to achieve (Borrego & Henderson, 2014). As part of this study, we report that the 
majority of participants continued to use CIs after the implementation. Two illustrative 
examples show that this approach has utility in engaging lecturers in evidence-based teaching 
development and that this development is useful in terms of personal professional 
development of teaching. The first, participant F used and continued to use CIs to establish a 
base-line and determine the efficacy of a flipped lecture innovation at their institution. For 
participant I, the utility was in the facilitation of the CI use for course assessment, as this 
university was engaging in a school-wide teaching transformation.  
 
In terms of the details of the CI results themselves, we elaborate on student difficulties which 
might help in terms of course/subject development. As with the extensive literature on 
misconceptions in science (e.g., Hill et al., 2015; Malik, Angstmann & Wilson, 2019; Schultz 
et al., 2017), this study revealed that students, even at university level, still have difficulty 
understanding basic concepts and these misunderstandings remain even after completing their 
courses. Though the data do not necessarily reveal novel understanding about individual 
misconceptions, the large data set offers a unique opportunity to view compiled results, 
where different outcomes can be considered in the context of others. For instance, they show 
us that students begin with and develop their conceptual understanding differently in different 
contexts. These questions are based on concepts that are considered fundamental assumed 
knowledge at the undergraduate level. Therefore, misunderstandings of these kinds of 
concepts, if unchecked, may cause conceptual difficulties to compound in further study 
(Georgiou et al., 2009). Perhaps the most enduring effect of this study is the realisation 
amongst participants and teaching team members who are not versed in AL and/or CIs that 



























International Journal of Innovation in Science and Mathematics Education, 28(4), 28-43, 2020 
40 
 
versed in CIs can debate and critique CIs, to obtain lasting change and uptake of AL, student 
learning difficulties need to be made visible to ‘others’.  
 
Some of the interesting findings that appear in the data include the difference between groups 
in first year courses and differences across universities, capturing the possibility of the 
increased efficacy of certain AL approaches and cases of high and low/no gains. Revealing 
individual misconceptions across the national sample may also provide interesting insights to 
readers. 
 
The large data set may be used to contribute to a database to establish a baseline. While this 
study does not have similar ‘power’ to that of the Hake (1988) study, it tentatively offers the 
possibility of national data on learning gains across different CIs. The Hake study had used 
data from several thousand students on the national level to delineate ‘low’, ‘medium’ and 
‘high’ gain areas as well as provide a direct connection between the use of AL approaches and 
a shift toward higher course average normalised gains. While this study supports the known 
premise that increasing engagement through AL improves student learning as ascertained 
through learning gains, the message for the participants was about the use of CIs as ways to 
determine that their intervention and/or version of flipped learning had been successful. This 
insight is likely the most powerful lesson from the use of a particular inventory across many 
institutions.  The second lesson is around ‘value and return on investment’; what do we expect 
as a ‘reasonable’ course average normalised gain on a particular inventory when AL 
approaches have been utilised? Our tentative attempt raises the notion that the delineation 
between ‘low’, ‘medium’ and ‘high’ gain areas are likely different for different surveys, hence 
what is a ‘reasonable’ average normalised gain is nuanced.   
 
More data are needed to establish whether the diagonal lines in the Hake study (Figure 6) for 
the United States apply for the Australian context (Karim & Cid, 2020), and if they need to 
be shifted for the other inventories. Despite the fact that more work needs to be done, what is 
clear is that the course average normalised gain shifting in one way indicates improved 
conceptual understanding on a particular inventory. At the very least, this inchoate graph 
allows one to compare with others who have improved course average normalised gains 
using a particular CI. 
Limitations 
This research provides a broad view of data collected as part of a National Fellowship. As 
such, it was important to present the data such that it represented the process and reflected the 
aim of the Fellowship. This approach would have been different had the research occurred 
primarily as part of a research project, and thus, a range of limitations must be addressed. In 
terms of the first aim, related to engaging academics in the use of CIs, we were not able to 
collect data from all participating academics. It is therefore possible that a self-selection 
effect overestimates the degree to which CIs were maintained after the intervention. With 
respect to the second aim, where we present the CI results and plot these data on a Hake 
graph, we acknowledge that we cannot make claims related to the ‘quality’ of the gains, as 










Figure 6: Hake plots indicating course average normalised gains for different 
inventories from Hill, Sharma and Johnston (2015)  
Conclusions and implications 
This paper presents data from a considerably large administration of CIs in physics and 
chemistry at the university level. The purpose of this administration is to engage lecturers in 
an evidence-based approach to improving courses and therefore student learning outcome. It 
is known that taking a scholarly and collaborative approach to improving student learning 
will result in the greatest gains, however, in the university context, there are several unique 
but significant problems or barriers. In this paper, we aim to remove some of these barriers to 
improve engagement, which included assisting with the administration of CIs. Results 
indicated that participants were using CIs more widely/frequently. We also report on the 
utility of CIs in order to demonstrate how they can be useful, with results illustrating, for 
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example that significant conceptual difficulties still exist amongst university students, but that 
these could be shifted in some cases. The results are also presented on a ‘normalised gain’ 
plot, in order to lay the groundwork for a database of sorts, that reports on low, medium and 
high gains amongst different courses and universities in Australia. The use of CIs, though not 
a panacea, offers significant potential in the tertiary science sector, and this study 
demonstrated how this potential is developed, as a first step.  
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